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APFENDIX A: REVIEW AKD DISCUSSION OF TRADITIONAL ELASTICITY ANALYSIS
Puoblished Elasticity Estimates

Although by no means exhaustive, Table A-1 demonstrates the large range in
apgregate and own-price electricity elasticities as published in the size of
international literature. The Table also shows a considerable overlap in short-
versus long-run estimates. For electricity, the long-run clasticity estimates vary by a
factor of fifty (-0.05 10 -2.5) and the short-run estimates (excluding two positive
estimates, one of which is for Sweden) vary by a factor of fifteen. Perhaps most
striking are the results for the study of Sweden, where short-run elasticities for
electricity demand estimated for the same country, and for the same end-use sector
vary from -0.52 to +0.09 depending on the year studied.™® Variation in elasticities
was observed for the United States by Chern ef af, where the ealculated shortt-term
elasticities declined steadily from -0,801 to -0.133 and long-term elasticities declined
from -1.360 to -0.498 between 1955 and 1978.15

An equally disturbing finding is that by applyving different models to the same
data series, short-run price elasticity estimates can vary by a factor of more than
four, even afier normalizing the energy data to a typical weather year 17 Perhaps
this effect can be attributed in part to changes in the electricity-to-oil price ratio in
each year.

One notable item in the Table is the pair of elasticity estimates made by
ORNL for specific appliances (refrigerators and freezers). To the best of my
knowledge, this is the only published effort to do so--probably due to the lack of
sufficiently detailed data. Notice the significant difference in the estimates.

In practice, residential demand elasticities are constrained by price as well as
the energy-use characteristics of equipment in the home (and any sector, for that
matter). Kahn er aldeseribe a method of using appliance stock characteristics as
parameters to define short-run "utilization" or behavioral elasticities and long-run
"stock-adjustment” or saturation and efficiency elasticities, the sum of which is
analogous to the conventional long-run elasticity.’® Their results {see Table A-1)
for two southern LS. utilities: short-run elasticity -0.06 to -0.16; long-run elasti eity -
0.47 to -0.57,

L35, L. Hjalmarssos snd A Veklerpass, op. oL supra, page 17,

156. W.5, Chern and HE Bowis, 1988 an. cic mupnT,

157. . Kouris. Elagticilies—seiense ar Retion? Enegy Ecomomics, pp, 56-70, April 1581, Page 68,

155, E. Kahn, 1. Sarhaye. and D. Robbins. 1985 An engincering-ecanomie aparsach to estimating ihe price elastichy of
residential electicily S=mand. Emergy Exononics, April, pp. 115125,
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Table A=1. Published energy demand elasticities. (Estimates apply
to the residential sector unless otherwise noted.)
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SCOURCE PRICE TIHCOME
——F+——FF——11——— ] — — 3411t Jd 1 1 | ] == == =
ELECTRICITY (SR} = EBhort=run (LR) = Long-run
SCAHNDINAVIA

Dargay and Lundin -D.09 (SR} 0.46 (SR)

Sweden -D.62 (LR} 0.68 (LR)
1962=-1976

DFE -D.14 (SR}

Sweden

1950=-2976 = A
Hijalmars=zon and Veiderpass

SEweden

1960 -0.52 (SR} 0.GB (SR)

1976 +0.09 (SR} 1.18 (SER)

1081 =0.27 (8R) 1.95 (SR}

EERS =0.55 (LR} =-0.15 (SR

Jorn Mikkelsson =0.05 to =0.10 (SR}

ELSAM, 19EB =0.50 to =1.00 [LE)

(all sectors)

Hialmarsson =0.19 to =0.24 ([8R) T
Horway =0.24 to =1.46 (LR} 1.10 (SR}
1957=1975

Bohi and Zimmerman +0.04 to =0.88 (SR) -0.214 to 2.00 (ER)
1984 -0.05 to =2.5 [LR) 0.12 £o 3.00 ([LRE)
Kahn et al., =0.06 to =0.16 (SR}

United States =0.47 to =0.57 [LE)

1870-1552

EFRT =0.101 (SR} 0.077 (SE)

United States =1.052 (LR) 0.802 (LR)

Chern et al. =1.075 0.771

8 OECD Countries

1960=-197%

Lundin -0.07 to =0.61 (SR) 0.03 to 0.30 (SR)
United States -0.78 to -2.50 (LR} =-0.46 to 1.94 (LR)
(Range of 11 studies)

1929=1972

Parti and Parti -0.58 (SR) 0.15 (SR) A
United States

1980

pak Ridge National Lek
U.5. Refrigerators, 1978 =0, 20
U.5. Fraszers, 1976 ={,.34
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AGGREGATE (Total Energy)
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Table A=1 (continued).

IEA (res and com and agriculture)

Korth America =0.60 (LR}

Pacifiec OECD =0.70 (LR}

Europe QECD -0.55 (LR}

A1l OECD -0.59 (LR)

1973=1982

Pindyck =1.05 to =-1.15 (LR) 1.00

8 CECD Countries

1260-1974

Griffin (res and com)} =0.8 [LR) 1.39 (LR)
18 QECD Countries

1960-1972

Hordhaus (res and caom) =0.7 (ILR) 1.0% (1LR)

7 CQECD Countries

Matsul (res and com)

Japan 1965=1972 =0.220 1.70
Japan 1965=1977 =0.022 1.11
Baughman & Joskow =0.16 (SR) 0.20 (SE)
United States =0.83 (LR} 0.80 (LR)
1968-19%72 (rez and com)

Chern =0.71 (LR) 0.44 (LR)
United States

1972

Chern et al. =-0.513 0.771

& OECD Countries

1460-1979

Farikh and Rothkopf
United States

Residential -0.271 (LR)

All SBectors =0.188 ([LR)

1270

Kouris =0.120 to -0.539 (8R) 0.523 to 1.000 (SR

United Kingdom

1861=-1972, range corresponds the the results from applying six estimat
estimation methods to the same price and consumption data.
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{(References overleaf)
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Table A-1 references not previoosly cited in the main text.

Asplond, B, 1987, “Resideniial Demand for Electric Space Heeting in Finland.” Evropean Ecomomic
Review, ¥ 31(5):951-993,

Chern, W.5,, A, Kelofl, L. Schipper, and 1.8, Rosse. "Residential Demand for Enerpy: A Time-serics
and Cross-sectional Analvsis Tor Eight QECD Countrics” Lawrence Berkeley Laboratory
Report Mo, LRL 14251, Janoary 1983,

Dargay, J. “The Demand for Energy in Swedish Manufacturing” Ia "Encrgy in Swedish
Manofacturing, Bengt-Christer Ysander, ed. The Industrial Institute for Economic and Social
Rescarch, Stockholm, 1983,

Dargay, J. and A, Lundin. "Houschold Encrgy Diem BJ'I.Iﬂ:.EII.'I]:IiI]EI Studies Comeerming Sweden” June
1978. Stockholm University, Forskninpsproppen foer Enerpisysiesiudier.

DFE Rapport nr 34, “At Sura Energianvandniogen.  Problem och Maojligheter for Svensk
Energipolitik.” Stockholm 1980, pp 116-119 quated in Hjalmarsson and Veiderpass,

Eleciric Power Research Institute, (EPRI). "Residential Demand for Electricity: Volume 17 EPRI EA-
1572, April 1082,

Gerholm, TR, 5. Meiscls, L. Brandell, T. Thedeen, L. Clacsson, and P Nacsman. "Long-range Energy
Demand". Stockholm University. Repart No MN-E230759; VISIP-E2-02 January 1981,

Hijalmarsson, L. "Elefterfragans Priskansleghet.” In Elanvandningens Utveckling, Bilga 2. Rapport fran
Fonsekvensuteedningens B-Gropp, Stockholm 1979,

Lundin, A. "Household Energy Demand: A Study of Empirical Models.” February 1977, Stockholm
Liniversity Report No. USFFE-1978-6; FEE-3

Mikkelsson, J. ELSAM Private communication, May 20, 1983,

Morin, P and W.D. Nordbaus. “Influenee of Prices on the Consumption of Encegy” Inteenational
Institute for Applicd Systems Analysis, Schloss Laxenburg, Austria. pp. 278-284. 1976,
ORML. Freezers, W. Lin et al. 1976. Fuel Choices in the Household Sector. ORNL report CON-3,
Refrigerators, E. Hirst and J. Carney, 1978, The ORMNL Engingering -Economic Model af

Eesidential Enargy Use. ORNL report CON-24,

Parikh, 5.C. and M.H. Rothkopl. "Long-run Elasticity of US. Encrgy Demand: A Process Analysis
Approach,” Encrgy Economics, pp. 31-36. January, 1980,

Parti, M. and C. Parti. "The Toial and Appliance-specific Conditional Demand for Electricity in the
Househald Sectar,” The Bell Journal of Economics, 11(1):304.321,

Prosser, R.D. "Demand Elasticities in OECD". Encmy Economies, T:1:9-12 June 1985.

Rullel, BJ. "Measurement of Own-Price Effects on the Household Demand for Electricity.” Applied
Ecopomics 10:1:21-30 March 1978,

SEAS estimate i for 1983 and shoown beee arc the averages of the rates -0.5 to 0.6 (long-run) and <013
to -0.18 {short run), as reported by the Danish Ministry of Energy (1986) in (Redegocrelse om
Elafgifter og -tariffcr) page 68.

Walfridsson, B A Dynamic Factor Demand Model of the Nadiri-Rosen Type Estimated for the
Swedish Indusiry Sectors.” Department of Economics, University of Gothenburg, 1985
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Usefulness of Elasticity-based Analyses in Electricity Planning

The preceding discussion suggests that the elasticity approach has serious
limitations, both technical and conceptual. It is especially disturbing that the
method of definition can in itself lead to a factor or four variation in the resulting
elasticity estimate. A confounding factor is that published elasticity estimates are
rarely accompanied by results of significance tests. Once case that reported errors--
that of Darpay and Lundin from Table A-1--showed uncertainties similar in size to
the estimates themselves, although this is not to say that all estimates are poorly
defined.

Still other concerns center on the application of elasticity estimates. Since
appregate (all fuels) estimates reflect a given stock of appliances, care must be taken
with extrapolations into the future because the fuel mix and appliance penetrations
underlying the estimates may change for non-price reasons. More useful resulls may
be obtained by looking separately at each end use--but, of course, data problems
make it impossible to conduct an 1deal analysis,

From a more conceptual perspective, price, income, and fuel-share
elasticities shed no light on the economic attractiveness of reducing demand by a
given amount. As a result, elasticity-based forecasts can not reveal the ranpge of
"desirable” energy futures.

"In keeping with the predictive orientation of long-term socio-
economic and resource policy modelling and forecasting, the
dominant approach to formal modelling in this area has been
econometric.  Econometric models, which are hased upon the
statistical analysis of historical relationships among economic data,
are necessarily predictive because they endogenize behavioral theory
in the form of aggregate economic relationships. While econometric
models can be used for scenario analysis and sensitivity testing, they
are not useful for exploring futures on the basis of their physical
feasibility and impacts rather than their likelihood."

Of course this perspective marks a rather abrupt departure from traditional
forecasting (for which the elasticity is intended). Yei, even within the predictive
realm, there remain sizable problems with the elasticity method. For example, the
elasticity estimate taken alone does not help policy makers to estimate the
investment behavior of the energy consumer {nor for that matter of appliance
manufacturers). For example, one measured elasticity of -0.5 may correspond to a
sector or end-usc category where energy users have a tendency to make efficiency
investments with 10-year paybacks while another -0.5 elasticity measurement (e.g.,
for a different end use or fuel or country) may reflect efficiency investments

159, 1B, Fobinson. 1988, Unlearning rnd backcasting:  rethinking some of the quesiions we 45k ahaut the future.
Techaolcgical Forecasmiep and Secief Crange.
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corresponding to a 1-year payback. The importance of this potential asymmetry is
that fulure price increases may or may not bring the cost-effectiveness of fuel
switching or efficiency improvements into the range of "acceptable investments”
from the perspective of the energy consumer.

Other considerations include:

e FEven an accurate elasticity estimate provides little or a0 guidance about how to
increase the existing level of price responsiveness and about which end uses
{and technologies) are most likely to be affecied.

& An elasticity estimate resulting from a model fit over many years represents an
averape value for the range of conditions that occurred over that time period.
Such an estimate can mis-state price responses if the price elasticity is iself a
function of price level. This phenomenon has emerged in U, oil demand
statistics following the recent price collapse; short-run price elasticities
shifted from -0.08 during 1983 to -1.8 during the first half of 1986.%
Conceivably, this reflects an asymmetry in price-responsiveness wherein
demand grows more during periods of decreasing prices than it shrinks
during periods of increasing prices. Hjalmarsson and Veiderpass also claim
this to be the case.® This hypothesis has some intuitive appeal, considering
that demand growih due to structural decisions made during times of plenty
can only be partly reversed (at least in the short run) by curtailing utilization.
However, others find that demand is less elastic during times of falling
prices.'®

e Models fit with aggregate prices (such as those published by the International
Energy Agency) can conccal price non-responsiveness of customers with
discounted electricity (e.g., for heating) or overstate that for customers with
high fixed charges imbedded in the price. The first factor can lzad to poor
forecasts if the fraction of energy purchased at a discount is changing.

e While it s interesting to compare elasticities across countries, distortions can
arise when expenditures and incomes are converted 10 a cOMMON CUTTENCY

160, M, Rodekohr. 1957, Falling warld oll privess an assessment of ihe §mpact an potrolsem demand. Energy
Information Adeinisteation, LS, Deparment of Encrge '

161, L. Hjwimarsson and A Weidorpass, cp. 2i. pupra. page 19,

162, (IEA, 1987, op. €. fupra, pape 463 Chern and Bouie. 1988, op. ot nupra. page 117, A key reasan fior Chik elTea ie
1kt strueturi] developmest during early years (e intrensing appliance Ealurations] results in a large cbsemned elaszicity=
alibough the elasiicity cstlimate is and of lsell doss pat shed any HEht on the details of why demand was price-reipansne—
whereas in [2rer years, the struriare is "set” in placs and demand may be mare Arongly driven by e[Twiency improvement.
Cihern and Bourls siate that the smoath declise in ehsenved elasticitics fnpgeete 181 a rapid incmase i eleciriciy prices is nat
#n isnporiant facior and 1ha, mthe, the driving fooce is doudlurs,
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{although Chern et al,, (1983) has shown that adjusting for purchasing power
parities maodifies the results only slightly for industrialized countries)."

e Other considerations when comparing the own-price elasticities of various
countries include: variations in cross-price ratios; fuel substitution
opportunities, e.g., natural gas may be not be available in all cases being
compared; differences in the cost-effectiveness of switching to alternate fuels
or of increasing efficiency; or differing mixes of end vses and thus
incommensurate opportunities for fuel switching and/or utilization (e.g.,
space heating offers a high degree of flexibility whereas cooking offers little).

e In addition to price and income elasticities, there are also elasticities to the
purchase price of energy-using equipment. So, insofar as increased
efficiencies correspond 1o higher sales prices, the effect of the price will be
to some extent counteracted by the reluctance of the consumer to spend
more on the better appliance. Estimates for Freezers (-0.79) and for
refrigerators (-0.33) are in both cases larger than the corresponding price
elasticities (see Table A-1).

& A specific set of problems arise when an elasticity estimate based on the past is
used to project future demand responsiveness:

- Elasticities could be expected to vary over time in response to various stages of
efficiency improvement in a given sector. In particular, price-responsiveness
may be expected to decline as the most cost-effective technical opportunities
are taken advantage of. That is, as consumers "skim the cream" by choosing
quick-payback measures marginal investments will require relatively large
price increases to be considered cost-effective. Traditional economics could
offer the explanation that the consumer encounters a large discontinuity in
the "supply curve” of conserved energy and requires a very large price
increase 1o invest further in efficiency or fuel switching (see Figure 38 in the
main report).

- Technological advances and/or policy, informational, incentives, or pricing efforts
can stimulate price responses (via new technological options) not previously
possible. In the preceding cases, the elasticity does not appear to be needed
or uscful in the planning process.

163 Chers o, al. ap, ef, rupra,
164, U, 5. DOE. 1988, ap. cir. supra, page G413,
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- Low relative electricity prices encourage penetration of electric end uses. It is of
course incorrect 10 assume that these end uses would as quickly, easily, and
fully "un-penetrate” were the prices to change. (This is especially so with
non-substitutable end uses, e.g. refrigeration.) A very important instance of
this asymmetry, in the case of Sweden, is the large number of electrically-
heated homes constructed under the SBN and ELAK standards. The high
efficiency of these homes renders envelope retrofits to reduce space heating
very costly. The capital costs of switching to fuel-fired furnaces are nlso
extremely high.

- Historic elasticities may reflect periods of rapid penetration of new end-uses.
Since penetration is a finite process that typically follows an "S-curve”,
electric demand growth due to increased numbers of appliances will
ultimately slow roughly to the rate of housing construction, regardless of the
price environment., The corresponding elasticity will also decline. At a more
aggregate level, S-curve behavior is not as predictable because new end uses,
structural change, etc lead to changes in the level of demand for ENETEY
SETVICES,

If energy users do not pay for energy in proportion to their consumption (as is the
casc for apartment dwellers where the monthly bill {s averaged over all
temants) then the elasticity may greatly under-estimate the demand response
were the metering or cost-allocation systems to be alterad,

Consumer attitudes can change over time. The pil-crisis psychology of the 1970
contributed in a significant way to large price responses. This may not always
be the case.

The stimuli of "information” ¢an change. This includes the visibility of energy
concerns in the media, the format and frequency of utility bills, product
labeling, ctc.

The pattern of price change can be as important as the magnitude, ¢.g. if increases
are introduced quickly versus gradually or if the tariff structure is changed.
For example, were the method of ratebasing new power stations to change
(and thus the timing of rate increases to consumers), one might also expect a
change in elasticity.

% k%
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The previous discussion suggests that the application of traditional elasticity
methods may do linle to increase electricity planners’ confidence in the price-
related aspects of their demand forecasts. Even assuming that the elasticity ean be
accurately computed, the following information would have (o be available (and
accurate}:

1. Forecasts of all fuel prices, in addition to electricity

2. Estimates of the availability of future efficiency technologies

3. Estimates of the future incremental costs of efficiency improvements

4. Adjustments for the asymmetry of elasticity estimates made during periods of
declining prices to the conditions of increasing prices

5. Projections of non-price effects (including many forms of structural change)

The preceding review of the elasticity literature points to a need for alternate
methods of viewing the responsiveness of electricity demand to price. One way to
aitempt this--as has been done in this study—is by comparing the development in the
structure and intensity of electricity demand in two countries with significantly
different prices.

In conclusion, econometric models of énergy demand can generate strong
resulls by using strong assumptions. The above discussion points to the eonclusion
that elasticities seem to behave more like variables than like parameters. This
shakes the foundations of what an elasticity is supposed to be and what it is
supposed to be useful for. Planners must take care to weigh the underlying
uncertainties. Models aside, electricity demand is ultimately determined by
consumer decision.
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